Abstract
Introduction
Liver transplantation is a well-established procedure that represents a curative therapy for many liver diseases, which lead to liver failure in end-staged disease [1] . However, these procedures are limited by donor organ shortage, high costs, and the lifelong need of immunosuppression [2] . Therefore, cell transplantation concepts using isolated liver cells are under experimental evaluation for the development of an alternative treatment [3] . [3] . Cell transplantation might be an option for patients with metabolic diseases since not the complete organ needs to be replaced and the deficient metabolic function could be replaced or at least supported by only a small portion of hepatocytes [4] . In previous studies, we identified several foetal liver cell (FLC) progenitors during rat liver development [5] . A high-yield isolation method for foetal hepatic cells was established by using magnetic cell sorting (MACS) [6] . In vitro data showed a high growth potential of foetal hepatic cells, which was highest when cells were isolated from early foetal livers. Furthermore, hepatic differentiation potential of foetal hepatic cells has been shown in vitro [7] . Recently, foetal rat liver cells have been successfully transplanted into the portal vein for repopulation of diseased livers in the rat model [8] . Therefore, FLC seemed to be ideal candidates as a novel cell resource for hepatocyte transplantation and tissue engineering of the liver.
Cell transplantation has some advantages over organ transplantation: One donor organ could be used for many candidates. Cell transplantation is also thought to be less immunogenic, since transplanted allogenic cells could be immunomodulated prior to implantation or even autologous cells might be utilized following in vitro modification
The transplantation of cells seeded on three-dimensional matrices into the peritoneal cavity has shown several advantages of a tissue-engineering approach [9] : It permits the transplantation of a cell number equivalent to a whole liver [10] , the transplantation of genetically altered cells [11] and long-term engraftment of transplanted cells [12] . A highly stimulative effect of the matrix due to a threedimensional orientation of the cells could be demonstrated for hepatocytes in vitro [13] . Furthermore, the modification of the threedimensional matrices by coating with extracellular matrix molecules or by immobilization of growth factors could further enhance the engraftment and function of the transplanted cells [14, 15] (Fig. 1B) . Fig. 2A) [18] .
Matrix aggregation and blood vessel ingrowth

. After explantation, the AV-vessel loop was identified under the microscope. A CD31 staining showed an intact endothelium within the arterious portion of the AV-vessel loop (Fig. 2B). Furthermore, a highly vascularized neo-tissue was observed within the fibrin matrix 14 days after transplantation, as shown by CD31 immunhistology (IH) (Fig. 2C). Functional capillaries could also be visualized by India ink labelling (Fig. 2B). There was no difference between both AV loop groups in terms of distribution and density of newly grown blood vessels.
Foetal liver cell transplantation within the fibrin matrix
In total, five animals were transplanted with the foetal liver cell-fibrin gel construct within the AV-loop model (group A). At autopsy there was no evidence of any complication related to the surgical procedure. At time of explantation there were no signs of any severe side effects, the subcutaneous chambers appeared intact, and there were no adhesions or signs of infection. After 2 weeks, the fibrin matrix was still visible in the subcutaneous chambers. Transplanted cells could be detected by their positive pkh-26 staining using fluorescence microscopy (Fig. 3A) mainly in proximity of the major vascular axis. The cells formed three-dimensional cell conglomerates within the fibrin matrix (Fig. 3B, haematoxylin and eosin staining). Microscopically, the cells showed a characteristic polygonal cell shape with a high density of cell-to-cell contacts. The nuclei are prominent with nucleoli (Fig. 3C, haematoxylin and eosin, detail in higher magnification Fig. 3D). In addition, a close relationship of three-dimensional tissue formation with the vascularized areas in the transplant was observed (Fig. 2B, India ink staining). In groups B and D no pkh26-positive cells could be seen at any time. However, the aggregation of the matrix and ingrowth of fibrous tissue was observed from the opening of the transplantation chamber. Furthermore, also the ingrowth of capillaries was observed, however in a low density and limited only to the opening of the chamber.
Differentiation markers of transplanted FLC within the AV-loops
IH staining demonstrated engraftment of CK-18 positive FLC within the transplanted subcutaneous chamber (Fig. 4A, CK-18 IH).
Although only a small number of CK-18 positive cells could be detected, RT-PCR analysis showed CK-18 mRNA expression within the transplanted tissues after 14 days and thus confirmed the results of the CK-18 staining (Fig. 4B, agarose gel with CK-18 mRNA signal). Expression of CK-18 mRNA was not detected in cell-free controls (groups B and D) and in groups with FLC transplanted in the subcutaneous chambers (group C).
Discussion
In this study, we investigated engraftment and differentiation of fibrin gel-immobilized FLC in a vascularized tissue-engineering model. The high density and functionality of capillaries grown into the fibrin matrix after transplantation was demonstrated by India ink injection. CD31 is an endothelial marker, which was expressed within the main vessel loop as well as within the capillaries showing an intact endothelial differentiation of the neo-vascularization.
Fig. 1 Growth and differentiation of ED
In a previous study, we showed that the injection method using a fibrin in situ setting matrix is technically feasible without significant safety problems or serious side effects [17] . Furthermore [16, 17] . In addition, own in vitro data showed the expression of hepatocyte-specific markers in cultures of adult hepatocytes within a three-dimensional fibrin matrix even under static conditions over the whole observation period [17] [26] , or hepatocyte transplantation [4] , tissue engineering of the liver [27] and ex vivo gene therapy have achieved promising results in animal models [28] [29] . In a study of foetal liver cell transplantation intraportally for liver repopulation, a hepatic differentiation potential even of early FLC (ED 14) was shown [8] . expression of the liver cell-specific markers AFP and albumin in cultures of FLC [7] . 
